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1.  llfiDP  I.nnr.  l'\~ir;to»**  , • 

Boction  clorivoB  thp  bano  lo.ss  factor  {)U,1;')  equation.  Thi’s  bant;  .lo.tn 
factor  clcitcrtTii non  tha  number  of  platfornia  rcqulrod  to  kuep  nna  platfornt  on 
titiltit;!!. 

Tho  qc'nernl  lil.r’  in  tlto  t.yclo  time  of  a plutforin  divided  by  l.lm  time  oi^  ir.n . 

A eye] Cl  in  defined  an  tlic  time  Inlervui  batwoon  overliaulo. 

* 

•fill!  followlnij  dof  i ni  tionn  five  ef'i.  ee;..-ir.y  to  develop  tbe  c;enoia.l  tlA"' 
equat  ion,  Ml  timen  uvo  in  monthn, 


>•'  cj'/fii.hiiiil  tiiiiu  , * 

'J'  “ tWO“VMV  tJiUUilt  Hllli'l 

'i'j 

e 1 line  on  Mint  Ion 

1-jL 

“ UiI  pI  til, II.'.  ill  ,-i  eyrl' 

'J'. 

, 1 

^ ' Ij.'  ■■  overhaul  eoeff  ic.i ent  ( /1>  i !i  li.iK;V.ioi)  of  plnti  t i out-  .->f- 

t'y  V ovoi'li.ui] ) 

n on  ritatlo'  -I'lju  i .n.i'i.tn  in  platformn 


N '•  Lola]  retp,  1 ) fluent/;  to  nupporc  n platformn  cm  Etatiou 

IP  a <j  nuitilier  of  riliit  fonim  out -of-'overh.ni]  tiiid  .nv.iibible  for 

b 

"'^Cy  on  tital  ion  roeu  i remen  in  in  platform  moirclinA.iyt'io 

N'Tj.y  " platform  mc'iit.li:.  ,iv,t i loMe  from  oul -of-overh.iul  iilat.u  >, 
provide  on  !il.,il  ion  requ  i.n.-i'ieiit.ii 


»■  fraction  of  lota]  platfonm,  out  of  o\-'oMiaul  vhic.li  are  ,iu 


q'er.nti  ''m 


mr.  to 


ut'V'.ceii 


PS  Navy  Mid-Uaimie  Objective;.  (ip_,  CUO  Sivv  0001,  Cr93,  (0  Oct  iy(i(»)  » 

i'art.ll,  cTuipt.Vr'll, 


N N'T  “ tolul  upkeep  time  in  platfonn  months/cycln 
M cy 

N,,  “ training  coeffl cient  (fraction  of  non-doployed,  out-of-ovorhaul 
^ time  givc'n  to  ticl.f  1 raining) 

*“  training  time  for  non>doployod>  out-of- 

^ overhaul  platforms 

• '*  number  of  roundtrip  tranaits/cyole  from  baso  to  station 

^8t 

nT  T 
" Cy  Tr 

« number  of  platfonn  monthn/cycle  spent  in  transit 


Tho  out  of  overhaul  time  per  oyole  is  oqual  to  the  sum  of  tho  on  station, 
upkeepf  training  and  transit  time. 


nT  'T 

N'T.  “ nT.  + N^N'T.  + N_  (N'T.  - nT.  ) + — 

cy  Cy  M cy  T cy  Cy 


Dividing  out  T and  collecting  common  terms i 
Cy 


N'  - Nj^N'  - N^N'  t,  n - N,^,n  + 


N'  St 

n “1-  N„-\: 


N 

BLP  » ii  « b 
n 


r 1 + - N ' 

T_^  T 


genoraliaed  DU-'  equation. 


In  Section  III  of  the  report,  only  ready  platforma  arc  considered.  Said 


another  way,  the  plntformn  are  anaumed  to  be  out-of-ovcrhaul,  already  maintained 
and  trained  bo  that  the  out-of-ovorhnul,  upkeep  and  training  times  are  offectivoly 
roro  and  tho  equation  reduces  to  (see  following  page): 


BLP  1 •* 

^St 


» T + T 
til-  ^'1 


Tr 


St  A-4 

This  equation  ropreeents  the  number  of  ready  platforms  needed  to  keep  one 
on  station. 

The  impact  of  transit  cpoeds  and  platform  endurance  on  force  level  roqulre** 
ments  can  bo  evaluated  by  this  hLF  equation.  In  this  approach ^ the  total  en- 
durance time  I Tjjr  is  defined  as  the  two-way  transit  time  plus  tl^e  on  station 
time  and  is  given  by  the  expression 

T|5  " T^jf  + Tgt 

Than  the  BLF  can  be  written  as 


V T 
Tr  E 


BLP  B 


V 'f 
Tr  E 


A - 1 


;v-5 


- 1 


whore  D » two  way  transit  distance 
B transit  spend 


X B 


Tr  12 


The  total  endurance  time  can  be  writ  ton  as 


E 


D f \ 
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For  any  given  transit  distance,  the  DLF  is  reduced  by  Incroaniny  the  product 


of  the  total  endurance  time  and  the  transit  speed.  Tno  overall  change  in  force 
level  roquiromonts  which  results  from  increasing  transit  epsod  depends  on  the 
offoct  on  platform  ondurance  from  that  increased  speed.  When  endurance  is  rula- 
tivoly  Independent  of  speed,  increased  transit  speed  will  result  in  reduced  forco 

level  roquiromonta . 


A-3 


In  tho  cano  whore  the  platform  endurance;  in  n dnpondrint  function  of  its  upeod, 
tho  overall  cfCrct  of  incro.uied  tranr.it  epooda  on  force  level  roquiroments  is  not 
imnu.diatoly  apparf'i  t,.  TIilc  cfft'ct  (;an  alr.o  bn  evaluated  by  the  EW  equatlona.  In 

this  dlBousoion  tbs  endurance  of  platforms  using  convent ironal  propulsion  is  aaauined 
to  be  limited  by  the  amount  of  fuel  they  can  carry  (assuming  that  refuoling  is  pos- 
aiblo  only  at  the  origin). 

When  fuol  in  tho  quantity  that  limits  endurance,  the  time  on  station  can 
be  defined  as 


y o Fuel  Avallablo  On  Station 
8 Fuel  ConBiuttption  Rate  On  Station 

The  fuol  available  on  atation  is  the  difference  between  tho  fuel  that  was  avail* 

able  at  the  origin  and  the  fuel  necoesary  for  two-way  transit. 

D 


Fuel  available  on  station  « F - 


Tr 


Tr 


whore 


F « fuel  available  at  origin 

” fuel  consumption  rate  while  in  transit 


Thus, 


F 


r 

St 


where 

fp,.  ■ fuol  connumption  rate  while  on  station 
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ThG  tot-.nl  cntlurnncc  tlim*  T , in  approximated  by  the  oxpioaaiona: 

r« 


T '=  T + T 
F -1-r  St 


f.  _ 

v-rt 


VTr 


*‘st 


The  base  Ioqg  factor  can  then  ba  written  ac 


T + T 

nu,  „ 

St 


»!  1 + 


W ^ J* 

Tr 

tt 
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when  fuel  limits  the  endurance  of  the  platform. 


A“5 


2. 


Trnmd  1'.  t.o  Dc.’st'j  na  1:1  nn 

'J'hti’.  jiOi'l  .ioii  df-r.ivi';;  t )io  rrjn.il.  1 onti  lined  for  the  oeonoiTiic  anulyals 
of  ii  !)liifj]e  |ilnil(i\m  I ratio  i I i ti(|  t K>m  an  oriyln  to  a do.ot' inntion . Thci  rot-a], 
t irannpor  III  t i tin  i-o;;l  itu.l  udi  all  coot';  a-_  soclaLecl  with  tr.i  nopt  irt  I tuj  the 
cargo  from  an  origin  f.o  a.  dentinrition  and  is  the  sum  of  three  component 
costs  I 

— the  dollar  valuo  of  tho  cargo  which  could  alternately  be  Invostod 
at  some  rate  of  inUoroot  during  the  time  of  transit 

— tho  cost  nanocl ated  with  operating  tho  platform  (speed 
Indopendont) 

— a spood  dependent  cost  related  to  energy  consumption 


Tho  value  of  the  cargo  at  tho  origin  is  the  number  of  tons  of  cargo  times 


the  value  per  ton  of  cargo.  Tho  valuo  per  ton  of  cargo  can  be  expressed  as  the 


.1  1 1 - 


thn  cargo  cr  ’..•oightod  dollar  vaiuo  v.'hon  tho  cargo  has  a vjorth 


beyond  the  market  value.  The  cargo  valuo  could  be  alternately  invested  during 
the  time  of  trannportatl on  frwm  the  oilyln  to  tho  dostination . The  portion  of 
tVin  total  trimnjiar I ation  cent  v/liieh  in  annlyncd  to  the  cargo  itself  is  the  cargo 
value  timuB  Die  investment  ral.e  Hmo.s  the  Li'ansit.  time, 

Tho  transportation  coel;n  duu  to  tlie  particular  platform  used  arc  divided 
into  tho  platform  operating  costs  (siwed  independent)  and  the  energy  consump- 
tion Costs  (speed  dependent).  T)ie  pl.itCorm  npc>r<iting  cotitK  include  deprocia- 
tion  of  the  plal  rmin  and  ecjulpment,  j-ernonnol  t:osts,  mai  ntonaiice,  port  feefi, 
overhaul  and  special  costs  due  Vo  the  p.articular  inxerciso.  These  oporatimj 
coots  can  be  added  togetlo.-r  and  divided  by  tlio  product  of  the  lifetime  operating 
hours  of  tho  platform  and  its  cargo  ccipacity  to  oldain  an  average  platform 


oprnrni:! n<i  por  t.on  hour.*  Tlicnr;  cor;t  •;  wcsrt!  nfi'minaJ  to  bo  Indcpondont  of 


njjopd  for  thl  i .'Mudy,  IJonu'  of  thor.c  ooni::  v/oul  l bocomp  clcpcndont  if  the 

pltitfoiin  ul  i 1 i ZliI  i nil  vatii-d  hcn.iii'a^  of  nli.iiujc';  in  iipond. 

Tho  spoed  dependent  conta  wore  identified  as  being  chiefly  related  to 

> 

energy  consumption.  Knorgy  consumption  is  a function  of  tlie  propulsion  sys- 
tem and  the  mode  of  transport. 

i* 

The  transportation  coot  is  given  by  the  exprenaion*. 

Tranoportntion  Cont  - CQIT  ^ C QT  ^ kV^DQ 

o 

where i 

C “ cost  of  cargo  (dollaro/ton)  * 

Q “ number  of  tono  of  cargo 
1 w invostmont  rate  (%/hour) 

T " time  to  transit  from  origin  to  destination  (hours) 

Cq  “Operating  cost  (dollars/ ton  •hour) 

V “ speed  of  transit  (knots) 

k “ proportionality  constant  relating  speed  to  fuel  consumption 
a '=  proper t i on.T  1 i ty  cuii'ii  ,int:  rc'lat  i.ntj  fue  l ronnunijii  ion  mode  of  triinr.tt 

kv”  “ energy  counumiil  I on  crcil./lon-inili' 

D dl, stance  from  origin  lo  clestin.ition 

and 

Trannport.fit' ion  C'oni  , ,,  ,1  , 

ly^n-Mi  lo  cV 

The  sender  would  like  to  minl.mli'.c  the  total  ttaimijoi  I alien  cent  per  ton  mile 
by  chooning  a V such  that  the  Irannpoitalion  co'd.  jht  ton-mile  in  n mtniiiuim. 

*Rofurnncnu  for  operating  cout  data  Include  The  illililv  of  Hlgli  Pen  rorniuice 
Watorcraft  for  fielecled  Mlnnlon.'i  of  Uie  United  JU.d  en  Coant  Oua^d  (ll),~"l'ru“ 
Joci.  '72ii»30,  Center  for  Naval  AiuilyslB,  Noveiulior  I'lVi!, 
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lUf  formtiahing  i 


. Trnntiport.ijl.-l on 
’ "Ton- Mi  If' 


dV 


(Cl  + C ) , 

..._0_  QjtV  « 0 

v'' 


Cl  + c 

V s 

opt  ka 


opt 


fCI  + C^l  a+1 
kct 


where  spaed  that  minlrntzHB  iha  coat  of  transporting  the  cargo. 


When  Cl  is  much  smaller  than  C , then 

o 


fc  \o+l 


V “ k^ 


3 . Sustatnod  Logintlc  Support 

Thin  section  dovelopti  tha  equations  for  the  number  of  platforms  roquirod 
to  fill  a pipeline. 

Suppose  that  Q tons  of  cargo  must  bo  delivered  during  a time  pariod,  T, 
The  average  rate  of  delivery  must  be 


£ „ Tons 

T “ Unit  'Ti mu 

Lot  each  platform  have  n p.iylo.id  capacity  of  Qp  tons.  The  time  interval 


between  platforms  i.s 


TQr 


t 


The  time  for  a platform  to  deliver  the  cargo  In  tho  time  in  transit  plus  the 
loading-unloading  time.  Tho  time  for  a one-way  transit  is  whore 


A-n 


A-12 


D B ono-wuy  trang.lt  dlEit  nnco  (nm) 

V « Biiood  of  transit  (knotfi) 

The  loading-unloacllncj  time  Iej  ■*  , whore  r.  ir:  the  lo.'uUng-vinloading  rate  In 
tona/hour,  Thu  time  lor  u roundtr.Lp  .in 

« 

2 . 

The  roundtrip  tima  divided  by  the  time  Interval  between  platforms  equals  the 
number  of  platforms  required  to  fill  the  plpollno.  Thus,  the  number  of  plat- 
forms, n,  required  to  fill  the  pipoline  Is  given  by  tlio  expression 


?.  (P.  + J2.) 

t V r ' 


TQ 

where  t “* 


A-ia 


or 


n a (J5>.  + i) 
T 'vg  r' 
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The  effects  of,  changing  the  loading-unloading  rates  on  the  number  of  platforms 
can  bo  expressed  in  terms  of  the  relative  number  of  platforms  required  to  fill 
the  pipeline,  coinparod  to  the  number  for  a haeo  case.  ThitJ  is  given  by 


(vf-  ' 


A-ir> 


whoro 


^rol  « ro.latlvo  number  of  platforms 
r*  M bano  ease  lo.Kling/unloiiding  rate 


n.  cotivoY 


Tlic!  purporif  of  thi.'i  fioc't  Imi  is  io  tlomon^;^ i .i la  tho  fipproprlnta  qoomatry 
dorivationu  «nt.l  cquatioiui  uuud  in  the  analysiii  cl  canvay  aperuLiona . 

1 . Area  of  Throat,  to  thp  Convoy 

The  following  dlHcunnion  of  the  area  of  throat  is  an  oxtenBlon  of  Koopman'B 
Theory  of  Search. * 

Tho  area  of  threat  to  the  convoy  at  an  instant  in  ttmo  is  tha  area  from 
which  an  iittaokor  could  detect  and  approach  tho  convoy. 

Tho  area  of  throat  ia  a function  of  tho  atUackor  apoed,  the  attacker  weapon 
apoed,  tho  attackor  weapoii  range*  tho  attacker  dotoction  range,  and  tho  convoy 
epoed,  Figure  B-1  ropeata  Figure  lV-1  and  contains  the  appropriate  geometry 
and  relationships. 

Cacc  In  rhcv';j  i.ho  «**««  whnn  thr*  w»v.non  range  Is  zero  and  the  convoy 

spood  is  greater  than  the  attacker  epood.  The  limiting  angle  of  approach  is 
dotormined  from  rol at i.vc>  motion  conuldarnt ions  and  is  given  by 


whoro  “ Spend  of  Attackor 
V_  " Spaed  of  Convoy. 

The  arem  of  thrciuL  in  C.iac!  Ta  in  tlio  sector  of  a circlo  whose  radius  is 
equal  to  tho  attnekoT'' .n  Oetec;!- 1 on  range  and  wlione  angle  in  the  angle  between  tho 
two  limiting  linen  of  approach.  TIjIb  angle  In  (nee  Hocond  following  page,  D-3) 

* 

D.O.  Koopmaii,  "Theory  of  Search,  Part.  I,  Kinematic  llasoM",  Operntlonfi  Renoarch, 
Volume  4,  (19bG) , pp  324-34G. 
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Figure  B-1 


Aioa  oC  a Threat  to  a Convoy  for  a Given 
Attnckor  Detection  Hanyc  As  A function  of  Convoy/ 
Attackesr  Speocl  liatio  and  Convoy/Attackar  V/eapon  Speed  Ratio 
and  the  At;tncker  V/eapon  Range 

em».> 


Tn 


Case  Ib 


V,,  « (or  R , 0) 

W-  A . W. 

B a 


‘V^  > 

C W , A 
a 


''c  ^ ^ 


whore  I R-  ••  Detection  Kantjo  of  Attacker 


R^  ••  Weapon  Range  of  Attacker 


•*  Gpncid  of  Convoy 
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V " Speed  of  Attacker 
A 

V “ Speed  of  Attacker 'o  Woapoj 
'll 


ThuLi,  t.tic-  tlirc.it.  aron  Ifi 


and  t;hG  normal  i ^.cd  t hreat:  area  for  ease  la  in 


n-2 


B-3 


B-4 


whore  >='  dotoct..ion  range  of  the  attacker. 

When  the  weapon  apeocl  it)  greater  than  the  convoy  speed,  and  the  convoy 
spood  Is  greater  than  the  attacker  apeed,  the  threat  area  is  as  shown  in  Case  lo 
in  Figure  B“l. 

The  threat  area  for  Cane  fc  Is  a function  of  tho  attacker  speed  (V.),  the 
convoy  speed  (V^)  , the  attfickor  weapon  speed  (V,^  ) , the  attacker  weapon  range 

d 

(U^  ) and  the  attackor  datnetion  range  ).  Let  point  0 (see  Figure  B-2)  be 
a 

tho  convoy  center  at  the  time  of  dotc>ction  atul  let  0 define  a circle  with  radius 


"d  • 

0 

I'^hon  V > V and  V > V , the:  i nritantanooun  throat,  area  in  bounded  by  tho 

path  AUKCDKFA,  (When  V^,  the  convoy  can  be  tlireutenod  from  behind  by 

the  attacker's  w-'aponn  ) The  maximum  threat  dif  tanen  from  directly  behind  'ha 
convoy  at  point  F at  an  instant  In  time  is 
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When  only  the  attacker's  weapon  is  considered,  tho  area  of  threat  to  the 

convoy  ns  the  convoy  transits  from  0 to  V is  tho  circle  centered  at  P and  radiua 

Hyj  . Point  P is  a distanco  ~ from  point  0. 
a ■ Vyj  a 

A 


B-3 


Whon  nttflckor  Bpc'cnl  in  connldornd,  tho  llmltlnrj  llnoa  of  threat  are 

-1 


ft) 


tiingt'nt  to  tho  clrclo  rc'ntorcid  at  P nnd  .irn  at  an  nnylo  atn  " | r."  I to  the 
jjath  of  tht^  CTonvoy.  Thn:i,  tho  art:  KI'D,  tho  Hiiiit.iiitj  Al'  and  DC,  and  tho 

ore  ABKC  are  tho  boundarloo  of  tho  Inotantanooue  area  of  threot. 

Tho  instantanooua  throat  area  can  be  divided  into  threo  oroas“-the  aegmont 
FCiDEF,  tha  aagmont  AHCKQA*  and  the  trapezoid  with  top  AHC;  bottom  FQD,  and 
hoight  GH. 

The  area  ia  calculated  an  followaj  the  anglo  0 is  a function  of  the  attack- 

op  opood  and  convoy  upofad  and  ia  the  limiting  anglo  of  throat  for  an  attacker. 

« 

The  angle*  0 can  ho  calculated  by  determining  the  chord  length  CK.  Linoo  OL  and 
CD  are  parallel  and  the  line  CD  is  tangent  to  the  circle  centered  at  P.  PD  is 
perpendicular  to  CD  and  OL,  and  PD  equals  . Chord  length  CK  “ 2 (R^  - x) , 

whore 


W a 
a 


sin  0 ■ 


V. 

w a 
a 


B-6 


Thun,  P nlri 


-1 


The  Hagmiint'.  AIlC.'IiKllA  ia  nulitondcsd  by  the  angle  ?.{l)  + p)  with  radius  . The 


area  of  the  segment  is, 


(2  (0  t-  R))  Rp 


2s 


-Join  2 (0  + p)j 
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The  anglo  y ia  equal  to  ~ - 0. 


So  the  area  of  the  sugmont  FEDCt’  ie, 


2 2 

a a 

2s  “ 2 


ein(2Y) 


B-a 
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llio  trapOKold  hnn  n top  AlIC  (ind  bottom  rOD.  Wo  hnvci  AIIC  « 2R  aln(0  + P)  , 

nnd  K:D  '=  nin(Y). 

A 

The  hp.lqlit.  of  tho  tr.iix'SUii ft  ran  In-  calrult'itod  .Hi  HO  + PO  - OP,  wlioro, 

HO  “ cos (6  •(•  0) 

’’a 

PG  « IV,  cos (y) 

• a 


OP  - ^ 

\\ 

Thus.,  tho 'aroa  of  thrent  ia  given  by, 

Ajj.  - (G  + P)  - Bin[2{G  + P)  ] -f  rJ  (y>  - ~~  BintZy) 
a 'a 


+ (Rjj  Bin(0  + P)  + rv,  Bln(Y)]  x [R^  cos(0  + B)  + 1^,  coo(y)-  >Vm  ^ B“9 


••  rJ  (0  + 6)  + rV;  * 


C R [rjj  t,in  (0  + &)  + R Bin  (y)1 

VV  L Q J 


K “ 

a 


when 


-I  \ 


0 «•  nin 


1 

A \ A 


Y a i - 0 


and  the  normaliKud  throat  aron  for  C.iao  Ic  1b  given  by 


ic  ,2 

”«D_ 
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?. 


Numbcir  of  Hncjort  ti 


Tho  Rocl-ion  clcivMop;'.  t lu’  rfyiul  romfiiLR  for  the  riuml>t!r  of  oRcortn  to  provide 
t.imoly  pront'ciil.l on  iivoun<l  t ho  e nt  ire’  cl  rcumforeMic;<!  of  tho  thremt  clrdo  dlsounticd 

in  tho  text  (i.o.,  Cano  11  where  tho  nttnekor's  npood  la  grantor  than  tho  convoy 

Bpood.)  For  purpoaoD  of  Illuminating  the  problem^  the  convoy  was  consldorod 

stationary,  nolatlvo  motion  of  the  nttnekor  increoaos  with  the  conponent  of 

the  convey  epeed  toward  tho  attacker.  Tho  effect  on  the  required  epeod  of  the 

escort  depends  on  the  rolativo  postions.  In  the  moat  demanding  case  (attacker 

dead  ahead  of  convoy,  escort  doad  astern) , the  eacort  speed  reguiremont  is 

increased  by  an  amount  equal  to  the  convoy  speed. 

Tho  basic  geometry  is  shown  in  Figure  B-3.  Thn  escort  is  stationed  at  a 

point  on  a circla  of  radius  1^,  about  tho  center  of  the  convoy.  An  attec)ter  is 

detected  nt  a distance  Rj.  from  tho  contor  of  the  convoy.  The  detection  could 

C 

be  made  hy  the  eflcji'ts,  tho  cOuvoy,  or  somo  cA.ijrual  aOui.v,is  ouv.'i  «a  aii.s-i.cii"t  or 
satellite.  Thus#  the  osoortft  could  hnvo  tho  solo  task  of  intercepting  the  at~ 
tackor.  The  cstiort  imuit  thnn  cover  tho  dintanccj  X botwoon  hln  position  rolntlvo 
to  tho  center  of  tho  convoy  and  tho  point  >it  which  the  attacker  could  launch  hin 
weapon  in  order  to  tntc’rcojH  the  ottack.  Tho  intercept  dintnneo,  R^,  oguin  moa- 
surod  from  tho  center  of  the  cxinvny,  io  taken  to  be  equal  to  or  greater  than  the 


range  of  the  at.tacker'n  wenijon.  Tho  time  within  wlil.ch  tho  eacort  must  travel 
from  tho  point  of  initial  detect  Inn  of  tho  attacker  to  the  point  of  interception 
is 

- "l 

t . _£ B-IO 


ond  (ntifjumtng  an  encort  weapon  with 
interception  la 


Infinite  Bpoe<l) 

R - V^t  4 


the  distance  to  tho  point  of 


D-11 


“ Spoccl  of  the.'  nttackor 


Whoru 


V » Snood  of  thii  oucorL 
£ 

R„  ” Itanyo  ol ' the  oiiooi  tu  weapon 


The  angle#  ui#  a)iown  in  Fltpire  B-3,  ia  ono  half  the  sector  coverage  of  a 


•Inglo  oBoort  and  is  given  by 


U » OOB 


^2 

-1  Rj  + Rg  “ R 

2 R-R„ 

I £ 


Than  the  numl^ar  of  oBCorLn  required  ia 

« It 

Since  the  number  of  eacorta  required  ie  a function  of  the  distance  that  each 
•Boorfc  is  ataticned  from  the  center  of  the  convoy,  R^.,  the  number  of  pcco*-t*J  enn 
bo  minimlsicd  for  given  values  of  R and  R^  by  rsximiring  to  with  roapoct  to 

d 

Setting  ,_‘!L  « o 


and  afior  tiiinpl iCylng , v/n  </<’l  , 


5 2 2 


Which  lu  recoijni/,i-Tl  nn  i\  riyiit  Iriaiiyli'  with  aiclo!*  Rj_,  and  R. 


lu  thnn  l.Kjr.’onu.’ft , 

max 


bJ  u 

max 


-l/«\  -1  'v  - "i\  's* 

nln  1"  “in  , .1-  I „._c‘ ),  ...J? 

VV  \V  „ -1  J .. 


ftiid  V.hG  miniimim  numbur  oT  nucortii  roqul red  ia  now 


n 

*^tnln  w D-]  5 

max 

ConniclurJng  the  tntpyer  eonriLralnt,  tlio  minimum  mimbt^r  of  oricortb  in  i.  2 whorovor 

t 

R > Rj.  At  R ••  Rj  a single  esaort,  stationed  In  tho  cantor  of  the  oonvoy*  suffices. 
3.  Escort  Sprint  Spoed  Hocruiretnonta 

Thin  B'action  tlovelofiti  tho  etocorl.  riprlnt.  apeod  roc/ulrcd  for  a given  convoy 
speed  of  advance.  The  ■ ( ' 1;  munt  tn.»lnlaln  « opc'orl  of  ndvanco  equal  to  or 
grontor  than  the  ccMivoy  spt'ed  <if  mlvniier,  V^.  The  eocorl  's  speed  of  advance 
is  detormlnod  by  bis  niirinl  spoocl,  V^,.  the  timti  ho  iipondn  drlftingi  Tjj  and 
his  acoustic  dotocUon  range,  R 

Tha  geomntry  Iti  shown  below. 


In  this  case,  tho  sprint  distance  in  equal  to  Kj,  . By  choosing  this 

c 

Hopnrntloii,  the  I'  lcort  i.iweepn  a width  equal  to  /ik,  norm.il  to  the  convoy's  ftp('od 

« 

vector#  ptc^vlillnq  ccuivoy  aiul  ffu-ort  in4Unt..iJii  a rtuiiitrmt.  c;r)UiH»*. 

f 

The*  I Imi!  rc.M|u1rr'd  Fnr  tin*  <‘i»iivoy  if)  tr.ivi'l  otu’  f.prlnt  cH  stair.:*'  1m  nimply# 


c 


»]•  »» 
c 
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and  the  time  availablo  for  tlio  cmcort  to 
vftlont  (Untnn  !o  iti , p 

t.-  Dc 


maintain  station  whllo  covering  an  oqul- 
+ 11-17 


in  ardor  for  the  oacort  to  maintain  a apecd  of  advance  equal  to  the  convoy  speed 
of  advanen,  Thon>  since 


m get 


+ Tj3- 


or, 


B-18 


V V 

« VC 
'r  “ V - V” 


B-19 


where 


V W “ 

V T 
*1^ 


If  WO  iiicrcanc  the  numlK^t  of  cnoortn  to  ni  then  thn  uprlnt  dlfitnnco  boromnn 

c 

and  equation  B-19  bucomnn 


V„ 


nHj^  V^. 
0 


K -V^T^ 

0 


V V 
V c 


V - V 
V c 
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wlioro  Vy  han  boon  qpnernlizod  to 


„ o sprint  cUnttinco  , ^ , . 

Vy  “ “ -ViTrtTmr*- " 


B-ll 


¥ 

TIig  fiijuro  bolow  nhowft  tho  canc  n 2,  with  oBcortT  A and  B "Icap-Erogglng"  along 
tho  path  of  the  convoy. 


A H A B 
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sl;ajicii 


1.  ‘’J 

Tllltj  auction  of  the  Appendix  providoa  yr'oinotry  ;md  functional  rolation- 

I 

uhlpo  for  the:  annlyai&  of  tha  offootu  of  speod  on  search  operations  In  the 
text.  DlBcuBslon  la  limited  to  ucouittlc  search  and  to  reiteration  of  general 
functional  rolntionshlpo  In  acoustics  and  ncoustlo  search  which  aro  pertinent 
to  on  investigation  of  the  utility  of  naorch  vehicle  spoodB. 

There  are  two  important  factors  which  tend  to  bound  tho  speed  range  of 
interost  for  acoustic  search.  ITor  surface  or  near  surface  platforms,  flow  noises 
at  opeodo  in  excoas  of  30  knots  roach  a level  at  which  the  detootion  range  is 
for  all  practical  purposes,  aaro,  Horculcan  deeign  efforts  appear  to  bo  neces- 
sary to  produce  any  incroaso  in  this  limiting  opood. 

ht  vary  low  speeds,  the  prevailing  background  nolso  in  the  soa  dominatoa 
the  problem.  Thus,  tho  tliaoiutical  dokoction  ri.ngcs  which  might  b"  srMr>vpd  in 
a nolsclens  environment  do  not  occur  in  the  roal  world,  In  gonoral,  detection 
rongus  am  limited  by  thu  environment  to  n constant  valutj  until  [lonrchpt  npot'd 
reaches  about;  10-1'j  knots,  and  Uion  dneroann  with  Incronning  npooel,  reaching 
the  xoro  value  at  about  30  knots. 

Thus,  thci  Eonreh  i.pned  of  intoroaU,  for  tho  foror.oiuUslo  lutura,  lies  butwoen 
lO-l'j  knots  and  nbo\it  30  knoto.  This  GuggoritH  that  the  projoctud  iipeod  capa- 
bllitlud  of  maul,  cjf  tlie  iidvanr;nd  naval  vehiedu  conceiiln  (wllli  the  jioonlhlo  excep- 
tion of  BWATH  tihipti)  gain  little  or  no  oupport  from  uc.ireh  fum.'Uon.  Thin  is  not 
onbiroly  true  slnco,  in  the  nnalysin  of  uprint-clr if t or  flying-drift  nearch, 
wo  find  a clear  cauci  for  high  sprinting  (or  flying)  spoodti  botwoan  Boaroh  periods. 


C-l 


2. 


nnrrior  Soarr’h 


Tho  ]jui:pofir>  «f  thl..*,:  iincl-. ItJii  .In  to  J nvn:it.1  tj.i t;n  tho  Jmpuct  of  noarch  opoccl 
on  tho  probability  at  dotcctimj  a nubmarino  traniiitlny  a barrier.  Tha  goomotry 


of  tho  problem  in  shown  bolowi 


^ -aV^ 
M « 2R  o " 

0 

i 


ContinuoUB  Soarch 


Initially,  wo  asaumo  a nearchor  conducting  a continuous  random  search  in 
his  barrier  ntatlon.  Both  aotlvo  and  passive  sonar  search  are  addrossod.  For 
both  methods,  the  detection  rango  Is  dogradod  vdth  apned  duo  to  flow  nolnn  con- 
siderations. 

Over  tho  speed  range  of  InLurunt  (10-30  knotii)  detection  range  os  a function 
of  Mourcher  speed  (V)  la  upproxlmated  by» 

R » H C- 

a 

where  B " maximum  dotciction  range  for  tho  given  conditiono  (cjunnrally,  rango  at 
° speedci  of  0-10  knotn) 

0 « 3 X in 

V ^ Donreh  apeed  (knota) 

and  tha  equation  eloDoly  npproximatoa  ompiricul  data  which  indlcatoB  flow  noiao 
inureasing  at  a nearly  linear  rote  of  l.RdbAnot  over  the  speed  range  of  10-20 
knotii.  * 


*R.J.  Urlok,  Rriiiciplott  of  Underwater  Sound  for  bngiiiuerB,  (Now  York,  1967). 


‘J 


Tho  Dwciep  rate  lo  then  cjivnn  byi 


SWC’t’ji  U»iVc!  -■  2RV  ;=■  2K  Vo 

o 


-oV 


'6;r) 


C“2 


Tlic  procl\K:l  of  tha  iiwt-'np  Kiit:p  anti  !iomc>  l inu;  (1)  (Icifinciri  n' roct.antjlo  of  width 

-aV^  * , 

2H^e  and  langtJi  Vt  to  whtoh  ono  nddo  tho  end  (Hjiiucri  r.ctc^a,  with  totul  area 

equal  to  it(K^e  to  obtain  aroa  awept  in  *■,  which  la 

Area  Swapt  « 2W  o Vt  + it(R  o " ) C-3 

o o 

Tho  time  requlrod  for.  the  nubmorino  to  trannit  tho  bnrrior  la  given  by 


t - -5«..  (hr) 

whoro  V <"  aubmnifinci  apaod  (knote) 

is 

W ••  w.idth  of  throat  of  dotection  to  tho  target  (nm) 

Tho  total  area  cwopt  by  tho  Boarchor  in  tlmo,  t,  iti  thont 

-oV^ 

2R  Q VW  3 5 

Total  Area  Swept  •>  4 it  ci  > 

'S 
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and  tiinco 


W « 2U  a {nm> , 
o 


Total  Acau  Swept  *• 


( -A' 

4v(l(o  ) 


■V 


o 


Tho  Htniulard  oxproiifilori  for  Uk)  probability  of  dtitnctlng  a imbmuritio  traii- 
olting  a barrier  Ini 


Pjj  “ 1 - o 


Total  An-g 
harrier  Area 
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Thocoforo, 


whoro  h » length  of  barrier. 


r 2VR„o 

I w. 


•«V 


2L 
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C-3 


b. 


Sprint-DriCt  Soarch 


Tbo  iHuporif  of  thir;  rir'cHf)!!  la  to  invonf.i.rjat.c!  tliQ  impnct  of  scarcn  spood 
on  the  probability  of  dutocting  a submarine  transiting  n barrier  by  using  sprint- 
drift  search.  The  geometry  of  the  problem  is  shown  boloWi 


h 

1.  

Sprlnt-Di  i f i.  Search 


The  result  is  an  overlapping  search  pattern  wherein  the  searcher  sprints  a 
distance  K at  u rpeed  V then  drifts  and  listers  for  » time  Tp.  He  then  eprlnts 
another  distance  R nnd  continues  to  repeat  the  maneuver.  Detection  range  la  equal 

to  R {maximum  for  the  environment)  since  searching  is  confined  to  the  drifting 
period . 

The  time  to  completi;  one  segment  of  the  sprint-drift  search  Isi 

T ■=  - + T (hr)  C-7 

V 

Wliero  R “ detection  range  (nm) 

V sprint:  speed  (knots) 

•-  drift  (listen)  time  (hr) 


Tho  fipood  of  ndviincr;  of  ftio  ocarchor  is  thun  C|j.vi’.n  by  i 

\jt  ... J^y (kiioir:) 

X •'  VT,, 


c-e 


Tho  sweep  rate  then  taacomeo  » 

/3K^V 


Sweep  Rate  * /3  RV  « 


R + VT 


D . 


(€) 


Tho  time,  t,  requited  for  n submarine  to  transit  tlu’  barrier  la 

„ W ... 

t w rr* 
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whoro  W *»  width  of  barrier  (nm) 

V “ speed  o^’  aubmarine  (kiiota) 

& 

Therefore,  tho  .total  area  swept  cut  in  time,  t,  usiny  sprint-drift  tactics  ia 


Area  rv^pt 


_ V/3R  V,’ 
Vg(K  + VTjj) 


I 2. 
f m » 
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W)ien  the  InlLlnl  area  of  detoctlon,  iiR‘,  i.s  nddotl  to  tho  total  area  swept 
and  the  barrier  wldt.li  i:.i  2H  wc  havu : 


V « 3 “ c 
0 


v/Jr 

V„I.(R  + vV 


- yJi 

) 21, 
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Alternat  ive  neatih  l.act  Ic.s  oxisil..  Section  P of  ' I’in  aiDpendix  compares  t!ie 
ovcrlappltitj  noarcii  tact  ic  above  witti  a random,  non-ovcrlapplny  nunreh. 


C-5 


» 


3*  0]>rn  AcPi'i  ilt-nrcli 


7nn;jin;;(.  of  this  sucljoii  .1::  to  Invofit  1 qntf^  thf!  lirjuict  of  fsoarch  sprod 
on  tho  oxpoctod  number  of  targcita  detected  per  hour  uuing  continuous  open  area 
search.  The  detention  ranyo  ia  degraded  v;ith  speed  duo 'to  flow  noiso  as  in 
the  barrier  case.  The  targota  have  on  avorayo  density  per  square  nautloal 
mile  and  have  uniformly  dintributed  track  angles. 


fho  goomotry  of  the  problem  ia  shown  below. 


PPilP  Area  Soarch 


a.  Continuous  Search 

'The  e>:i>ru!jfn.on  for  the  numbc?r  of  targets  detected  per  hour  tsi  based 
on  Koopman'i-i  theory  of  search,  and  ie  modiriod  in  tills  analyjiiQ  to  Include 
the  offof.’t  of  flow  no! 'if!  on  dt’tectlon  range  as  the  search  npecd  in  increasod. 


The  nuinlK-r  of  targets  detected  per  hour  is  given  by. 

~aV^f  — I 4VV  T~ 

N ■»  (V  + V ) ~ ■ - ain^ 

O B II  J V (V  V 
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Whuro  V 


Boarch  Qpood  (knotB) 


tis 

V ««  tarcjot;  nj)t;«ri  (knots) 

B 

2 

N tnfcif't.  cloii'iity  (nuinhfr  pnr  nm  ) 

detection  range  at  roro  speed  (nm) 

**4 

a « 3x10 

ij)  >*  (n-'f)/2 

♦ “ target  trnc){  angle  (dacjreofi) 

The  integral  expreanlon  ii  an  elliptic  integral  and  in  readily  evaluated 
using  standard  ta)5les  of  elliptic:  integrals. 


b.  Sprint-Drift  Search 


The  purpose  of  thiu  section  in  to  investigate  the  impact  of  nearch  spood 
on  the  expected  number  of  targots  detected  per  hour  using  nprint-drlft  tactics. 

The  geemotry  in  cHSontially  the  same  as  in  the  barrier  cane,  with  the  exception 
that  the  search  area  is  unbounded. 

A firuL  order  approxintation  to  the  expec;t  od  number  of  targets  t o pasn  witliln 
a distance,  R,  of  tluj  ne.uciier  during  a drift  (linten)  i)erl.od  is  givc;n  Inyi 

C“13 

whore  the  quantitJ.on  in  tlie  oxprooui>>n  )iave  been  previnuMly  dc:Pinert. 

The  nuii\)jC!i*  of  turgot-ci  detc’ctc>d  during  one  llfiton  period  in  the  luim  of  the 
targetri  inuido  tlin  radiun  of  detect  ion  at  the  liegiimLng  ot  the  period  piun  tho 
number  that  enter  during  tlie  li.'iten  period, 

lICMicc),  the  expected  numl)er  of  targota  deUcictnd  per  hour  in  tlie  number 
detected  per  lititon  poricjd  divided  by  tho  diirntion  of  the  cycle,  i.r., 


N - N'lR^  2MRV  T, 
O B I) 


N " 
o 


NtiR  + 2NUV  T, 
n I.) 


U 

V 

C-7 


C-14 


+ T. 


Tha  nuinbnr  of  tiiryal'i  <let  fcl  ml  por  hour  given  in  nquutlon  C-14  illuEitraton 

t ho  Jmj)iK't  of  njiootl  whnn  iiprl  nt  - drl  ft  nnnrch  If!  vinod,  Tliio  approx Imnt. ton  can 

hv.  mcKllficcl  tf)  con.'i  i (li-t.  dirfon'nl  ii)>j'roiiclif!!  to  tho  f,o.irc;h  tiictic.  For  nxtitnpln, 

equation  C-14  doea  not  dlf Corontiato  between  hurgaUs  that  ware  detooted  on  pre- 

* 

vlouB  lookn  and  targotei  that  are  now  dotoctlona.  Thus,  aoma  targets  are  counted 
more  than  once.  Thoao  duplicated  dotoctiona  could  bo  Bubtractud  to  give  the 
munber  of  new  detnetiona  por  hour.  The  sprint  diotdinco  could  be  optimixed  for 
n given  sprint  npeod.  In  addition  tho  niimbor  of  detoutionQ  at  zero  speed  da- 
pendB  on  tho  initial  autiumptionu  about  the  oearchor.  For  example,  if  tho  Boarch 
is  required  to  (sprint  a given  diatnneo  before  liBtpning,  than  the  number  of  de- 
toctiono  at  zero  spocfd  .la  zero. 
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p.  HIIC.UUT 

nu;  j)UJpo!H>  of  t.liis  iijii  hmuI  i x 1:’.  to  rlt-monfil  rnl  r>  i Im  opfiroiir  J.nt;c  cjcomotry, 
darivationB  and  oquationa  vtnod  In  the  nnalynis  of  tho  utility  of  speed  in  pursuit. 

1 , ■ Pursuit  Curvo* 

The  qQomotry  for  deriving  iho  curvo  of  purnuit  in  shown  in  Figure  D-1. 

The  curvo  {ha)  is  traced  by  a point  P (pursuer)  which  moves  in  such  a 
manner  that  itn  direction  of  motion  in  always  pointed  toward  a second  point 
P'  (pursuee)  which  movon  along  tha  path  (CD) • The  speedn  of  P and  P*  are  taken 
to  bo  constant.  The  problem  proposed  la  to  construct  the  curve  at  pursuit  (AB> 
whan  (CD)  is  given  and  the  spoods  of  P and  P*  are  known. 

The  simplest  problem  of  this  typo  la  that  for  which  the  path  of  tho  purnnoa 
i»  cl  blLctlyhi  line. 

Lot  P (x,y)  bo  a point  on  the  pursuer'B  curve  and  P'  ■ (w,a)  be  a point 
on  the  pntli  of  tJia  puisuiue. 

The  curve  traced  by  P'  in  gWf>n  by 

f(w,r.)  0 

Since  tlio  tangent  through  P paunoa  through  P'  the  purnuit  aquation  can  be 
written  as  ( ti  - y ) » ^^-  ( w - x ) D-2 

Let  Die  apeed  rat  io  of  the  purnuer  to  pursuoo  b(!  given  by  C , t)»on 

Introduction  to  NotiUnuar  nlffereiitial  and  Integial  Kqnationn,  U,  S.  Atomic 
Energy  Coininifinion,  U .£!.  Ccivorninent  Printing  OlUce,  (WaohingLon,  D.C.,  1960) 
pp  113-12H. 


D-1 


1‘lfjutrc)  u-1 


P « Piirauor 
r'*’’  I’urnuQii 
AU  “ Pntli  of  Puriiiior 

CD  “ P*it;h  of  Purniipn 

du  •"  I'llcanont  of  Arc  on  PnrFiitor '«  Path 

da  « Floinont  of  Arc  on  Puranoe'H  Path 


i 

! 
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*■  ^ ' *'*^^’  t;]  iMUtnil  :i  of  l.hn  arcr  of.  I ho  puffjnor  and 


purBuoo  roBpQotiVQly Wo  than  hovo  tha  equation 

2 9 3 9 0 • 

dx  + dy  ■ " C ' (dw^  + dx^) 

Binoa  y,  w and  x ara  functlona  of  x,  D-  3 con  to  written  in  tha  form 


« c 


^dwV  , AjjV 

itlxV  Idxy 


Dif foronl'intinq  D-1  nnd  h-2  witfi  rcnpoct  to  x,  we  qat 


D-3 


D-4 


iL  ,L  M. 

8w  dx  8 k dx 


D-5 


and 


^ „ lx  ( „ - X)  t ^ 

dx  ' dx  dx 


D-6 


hliou  tha  propnr  voluoi)  for  D-1,  D-2,  D-5  and  D-6  aro  svibotltutod 
into  tha  right-hoitd  momuor  of  ofiuntion  D - 4 , cho  dlfforontial  aquation  of  uhu 
curvn  of  purwuit  .in  obtalnud. 

Applying  Ihlii  gcnoriil  thonry  to  dntormlnc’  tho  cvicvo  of  puriiuit,  whon  thci 
puriuinn  movon  alony  a utruiqht  lino  partillol  to  tho  y-axiu  and  a dlntanco  d 
from  tho  origin,  wo  got 


w M d and 


dw 

dx 


0. 


From  aquation  IJ  - 6 , 
y 

dr  d‘y  ,,  . 


dx 


dx 


2 


D-7 


SuhfititvU.liiij  D-G  into  D-4  , tlin  following  dif  fnrnnt  Inl  oqii.vtlrm  la  obtainod. 

i2 


1 I 


D-8 


D-3 


Inlrgratl  iicj  t)"n  twlrn  yltvlclii  tho  cqu.iLion 


0(1  + 


C) 


(d  “ x) 


Flguro  D-2 

Geomotry  for  Pnrouit  Curve  When 
Purpuoo  Moveo  Along  n SUraiglit  Line 


I'C  » d 

PP'  - d'  “ d Hoc{0  " 5)'='  d CHcO 
PI  “ Poth  of  Purnuor 
P'J  “ Path  of  Piiruiii'c) 


At.  X ■>  0,  y “■  0,  niid  “ 1/in(0  - •!•)  >•-  -cotO.  Now, 


] 


I lA 


I 


At  X ’ 0 


-col  0 


..  I [„,-c . i 


0 ••  d^^^(~cotO  + cBcO) 


.JA, 


Wo  reject  -d  '^(notO  + cscO)  aa  n upurioua  solution  (it  oivas  the  case  when 
the  direction  of  the  pursuos  is  rnvoracd,  i.o.,  whon  the  tracking  angle  is 

Tt  - 0) . 

Bubstitution  for  c in  etiuation  D-9  yields  (at  x « 0) 


0 •» 


i + j-i.-  I 


+ C ' 


Solving  for  o' 


. f (;cncO  - r,^cotO\ 


If  r,  > 1 , caoiuro  taken  plane  when  x ••  d,  J.e.,  when 


(r.cHc;^  - c^cotO^ 

'<^-1  '7 


D-n 


D-12 


D-13 


D-14 


Tho  capture  dintanor  in  tiiun, 


D-5 


4 


IP'  » JC  ~ P'C 


:i.lri(0  - ~) 


(C  - g^coae 
C^-1 

(C  - conO\  (ji 

- iV 


+ ooaO  I d' 


whara  d'  is  the  Initial  sop' ■■  ion  distance. 

I'he  derivations  abov  takr  the  weapon  range,  R^,  to  bo  0,  If  wo  considar 
a pursuor  with  a poiitivo  weapon  range,  «^,  and  inflnito  weapon  volocity,  than 
capture  occure  when  tho  distance  botwoon  pursuer  and  pursuoo  ia  In  the  fol- 
lowing derivation  wo  take  tho  tracking  angles  to  bo  "(»>  and  normwliiSQ  all 

* 

dintancoQ  to  tho  initial  noparation  dlntancc  d.  * 

Figures  D-3 


l^l-x 


(1 

dx 

L 


c 

(I,  0) 


V 


nC7  « noirnwiV i zt'fl  Irii  l i.il  sir’pii ration  cUntnnoo 
PP'  ■■  norma i i dliiltinro  ln'twr-«rn  (ivirrivifr  and  purnUf’C! 
BPl  “ purBUQr'tj  path 
CP'l  >a  pursuco'n  path 


«W 


n Pill 


/[ai^  - ->]  * 


D-16 


^ 1 +1  (1  “ x) 


/[(I  - + (1  - 


(I  - X) 


(1  - x)^  ■ + {1  - x)^'  ■ 


D“i7 


If  wc!  lot  z (1  - x)^^^',  D-IV  bocomi'H 


C + 1 
^ + 


D-18 


Tor  arbitrary  C,  t)~in  doon  not  havo  a qonoinl  nolntion  bo  wo  muot  utio  mimoriccal 
imithodiJi  o.tj.,  NowIoii'm  molliofl  of  itorntion,  to  t^va.Uiato  z. 

'I’ho  normal Iziid  cnjiUiro  dint. moo  iti  thne 


P'C  *•  y + (1  ~ X) 

ClK 


.1.  . i z'''  " - ■' 


Tho  cupturo  distance,  la  (d)  (P'C) 


13-19 


D-7 


2. 


ConMt-nnl-  IU'mi'  I n y 1 1 ij^r coj 1 1 

'J’lir;  qi'Oiiii’t.i  y Inr  tlc' riv.i  inj  the*  i'r|ii.i I'.l rm  for  t;ijnf:t-ant’.  lioarl  nt|  1 iit.oi'rcpt  Jb 

1 shown  in  Piyuro  D-4. 

1 

* 

The  linn  (01)  In  Lho  projnntnd  track  of  tlio  pursuoo  and  tho  lino  (QX)  lu 
I the  iiitercnpt  couruo  followed  by  tho  purouori 

I The  purtiMQG  la  Initially  dctootod  ut  O,  n separation  cUstancor  cl*  from  the 

{ pursuori  who  in  locentccl  at  The  pursuoo'n  direction  is  at  an  snylo  6 to  the 

J * • 

i direction  OQ. 


Fiyuro  D-4 

Guamctry  far  Conutant  Bciirlng  Intorrept. 


o 


OQ  cl  » Initial  f'.f^pariittdn  t)i  nt.anro 
OI  I'roJocLc'd  Ti'ijck  of  I'lirciii’i! 

QI  Intorcopl  palli  of  I'lir'iiua- 
0 f*  Initial  T).Mc;k  Aiu|lc> 

<|i  n Purmu'r'n  l.L-ad  AihjIc 
V ' " I'uriiuao'n  Bpc’od 
P 

Vp  “ ruruuor'ii  Bpoorl 
t ■ Timci  p_8 


Till!  pui/iiuco  Lhon  movfu  aloiitj  liK-i  jjrnjf.iotocl  track  (01)  at  n constant  apood, 

Vj,,.  Thn  punuint  f;i'(!;  off  on  h i ii  c:onr-....  (Ql)  .-.ikI  Io.kI  iirirflr.  , to  intnrcnpt 
tha  puj  uuao  at  point  • Iho  purauar  aluo  maintuina  a conutant  apood  Vp. 

Dy  tlio  low  of  coninoo 

2 2 o 

d + (Vp,t>  - 2dVpit  ccaO  - (Vpt)^  « 0 D-20 


2Vp,t  coaO  if4(Vp't)^  coa^O  - 4[^(Vp't)^  - (Vpt)^J 


or  d “ '^p,^  1 \ (Vp,t)  ^(coa^O  - 1)  + 


Dividing  through  by  V ti  and  letting 


D-21 


(e) 


then 


_d 


oohO  I 


(wr.  0 - 1) 


D-22 


Blnoe  tho  dcMiircd  jiuiaimro  in  capt.vira  cUfitarico/liii  tial  Bopariition  diatnneot 
wo  invert  D - l‘i  and  obtain 


Vp.^  « 

r rj 

— 



(’Of.iO  -1 

•1  (co.'i^n 

- 

T- 

k.. 

J 

{jupjioiH!  that 

the  juir'iiim; 

in  f-iMiied 

with  ^ 

n-23 


purnuor'd  objective!  in  to  maintain  a conotant  (silondy)  boari  nrj  enurnr*  and  coma 
within  a dlataiici)  of  the*  piurnuno  in  a tipocified  tlinn,  t.  Then  by  the  law  of 
the  cooinoai 


D-9 


D-24 


(d  - - 7 (A  - K^^)(V^/U  cO!i0 


2 V 'U  caaO  I ’l-)^cfo^O  - 4 (V  ' 

^ F P 1.  P 


d - 


!J 


Tlie  weapon  range  required  in 


K d -^ooaO  + v4i^^0  - 1 + r,^^Vp't. 


The  pursuer  could  improve  hi  ft  performance  by  heading  on  a course  so  that 
he  would  travel  the  minimum  posnible  distance  and  still  be  a distant  from 
the  target  in  a specified  time,  t.  This  in  given  by  ^ 

(Vpt  + «=  " 2dVp't  cosO 

or 

}<  + (V ,''t)^  - 2dV'  't  cosO 

w \ R P 


D-25 


D-26 


D-,sV 


D-10 


I’ursu  i I _Wi  Ml  I nl  ('i  m i M • lit  1 n f tinnal  I uii 

This  f3Qcl:ton  derlvon  t.h<n  bnair.  for  datcnninintj  tho  probability  that  a pur- 
6U0L-  is  able  to  relocate  a puruuGc  with  tho  pursuer 'a  on-board  Gonoor  system  at 
somn  time  after  the  pursuer  has  rccoived  information  that  the  pursueo  is  a distance 
d away.  Tho  Information  proccasiny  and  data  link  time  is  taken  to  be  roro,  The 
pursuer  travels  on  a straight  course  through  tho  last  known  position  of  the 
pursuoe.  Tho  pursuee  Is  asaumod  to  bo  a point  ttirget  (and  not  an  area  target, 

Buoh  os  a wake)  and  to  move  in  any  direction  within  the  area  of  uncertainty.  This 
area  is  the  circle  which  onolcj^ies  tho  area  of  possible  target  location.  Its  radius 
Is  equal  to  tho  svim  of  tlio  initial  location  »ror  plus  tho  product  of  tho  pur- 
suaa's  speed  and  the  elapsed  time  sinco  this  location  was  made.  In  this  simple 
case  it  in  eisaamod  that,  the  pursuer prnnnr  h«a  a swnth  width  Mg  within  which  tho 
probability  of  dotootion  is  ono.  Outnido  this  band  the  probability  of  detection 
is  zoro. 

When  tho  location  error  of  l.lie  intermittent  information  system  io  negligible, 
tho  initial  area  of  unee.r l.ai nt;y  that  could  contain  bot.h  tho  pursuer  and  tho 
puriiueo  has  a racUun 

D-28 

viliero  “ pu.rsuec  speed  and  -•  time  for  pur.suor  to  transit  d-R^.  (See 
r’Jgure  D-f)) 


D-ll 


f'iquro  D-5 


t’uiTBueo  1’oal.tion 
nt:  timo  o£ 
upclut.0 


The  pursuer  sparchas  on  a constant  courno.with  a constant  swath  width» througb 

the  area  of  uncertainty.  An  tho  putGunr  trnnatt.r:  through  tho  area  of  uncor~ 

tainty,  the  etroa  of  vniccrtninty  incroases  as  a function  of  tho  puirctuoa's  Hpoed 

and  tlio  timo  for  tho  pui'suor  to  ti'annlt.  througli  t-ho  aroa  of  unoortainty . 

Tho  incroincntal  chnnya  in  tho  probability  of  detection  is 

W VAT 

AP  « (1  -■!’  ) D-29 

"'ll  'ij  I 2 

where 

1 - p|^  “ probability  tho  tnrynt  wau  not  dotocted  in  previous  AT's 

Wy  a Bwath  width  of  purouor 

V “ moan  relative  tipood  of  purnuor  and  purnuoo 
WyAT  »•  nron  uwopt  in  AT 


D-X2 


3 

It  (Kj+Vj^,  ,T)  ' nrc.n  of  uiujcrt  .ti  nt  y a*.;  it  incrp.-ujati  with  tima 
T » timo  that  oinpaes  after  pursuer  reaches  R. 

Integrating 

1|j-  1 - Qxp] 


r "I 

nu^(K^+Vp,T>  J 
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Since  V “ moan  relative  opood  of  the  purauor  (Vg)  and  the  purauee  huve 

V ■ f'^Vp  + Vp,)/^^1  - ain^c  sin^ip  di|t 


“ 7<Vp  + Vp,)E(o) 


where  , oin  o « 


v«  + v„, 

p p' 
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and  I 


It  - A 

C2  . ».  .«..-.-J.i 

2 

E (o)  ia  an  alllptic  integral  of  the  second  kind,  readily  evaluated  using 


Btandard  tables  of  elliptio  intngrala. 

The  timo  for  tho  port uor  to  complete  a firat  paas  through  tho  area  of 
uncertainty  to 

IT  - in  B 
2 1 

P P' 

where  timo  for  purauor  to  overtake  purnuee  if  the  track  anglo  wore  100*^ 

and  “ timo  for  purnuor  to  overtake  purtiuoo  if  track  anglo  were  0**. 

Tho  probribillty  that  tho  purnunr  dotocts  tho  pureuoe  on  tho  first  pasfi 
through  tVio  area  of  uncertainty  in 

4 WgliU 


1 ■’  exp 


G * k) 

,r"d 


D-32 
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4. 


tij>r1  nl  -Dr  t i I w Ij  h Int  f*rnil  tt  piiI-  Inforiiintlon 

A Hpccliil.  caiio  of  puroiiU:  with  inl.crmi l.tont  information  Is  one  whoro  the 
puruucr  muiit  rotiut  I,  to  n r.jir  I iiL-cIril.L  piirnuil.  tactic.  A typical  caFsc  wmil;l  bo 

one  where  tho  puraueo  Is  a hl«jh  speed  Bubmarine  and  the  pursuer’s  sensor  is 

■ 

acoustic  and  will  not  function  continuously  at  the  high  spoeds  required. 

Xn  this  analysis  the  pursuer  always  sprints  to  the  last  known  position  of  the 
■ubmarlna.  This  is  duo  to  the  fact  that  the  submarine  may  run  on  any  course  dur- 
ing tho  pursuer's  nprint  period  and  therefore  it  does  not  benefit  tho  pursuer  to 
attempt  to  anticipate  the  submarine 's  now  course  and  speed.  Hence  this  process 
can  be  viewed  as  a modified  pursuit  course  since  tho  pursuer  proceeds  to  the 
lost  known  position  of  the  submarine*  as  opposed  to  heading  toward  the  actual 
position  08  in  the  cose  of  pure  pursuit. 

At  some  initial  time*  t^*  the  pursuer  detects  a submarine  at  some  initial 
distance,  R^.  He  then  sprints  to  this  datum  ot  a gltfen  speed*  V^,  and  liatens 
for  a time*  Tjj.  • 

The  time  olapnod  during  tho  first  sprint-drift  period  is 


During  this  time,  tho  submarine  has  travnlod  a diotanco 


K 


1 


^'p’S 
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where  Vj^,  » subinorlno  (puroueo)  speed. 

Tho  tlmo  for  tho  next  sprint-drift  period  is*  then, 


and  tho  submarine  travels  a distance  given  by  ■ '^p'^2* 


D-36 


Tho  process  is  ropoated  until  tho  limiting  valuo  R^  “ *^'n-l  reached. 


D-14 


S.lnco  tho  loc-aLlnn  of  (inc;h  <1rtri  (ii>'<irch)  iiori.iun  ciC  tho  cycle  is  tho 
locaLiun  ol  tin;  J,Hir till;,.-!,;  i»t.  l.lu;  cikI  of  t.lu^  previtnr;  drift:  pi^riod  luul  tjcicli  drift 

i 

period  requiras  a fixcid  time  » i-hla  limit  of  convorgonce  ie  roachod  when 
the  ground  gained  between  uprlntu  ogualu  that  lost  while  listening,  i.Oi  if  the 
pursuer  had  infinite  oprlnt  epood  the  limiting  distance  would  still  be  given  by 
the  product  of  the  aubmnrino  fipoed  and  the  drift  time. 

Tho  total  time  olapsod  during  the  sprint-drift  purHuit  is  then  given  by 
T«t^  + t,  t t3  t ...  +t^. 

Using  thooQ  basic  exproasions,  tho  sppnration  dintanco  can  bo  detorminod  by 
an  iterative  procesa  for  each  miccoasivo  sprint-drift,  and  from  this  a sep- 
aration distance  history  of  olosing  distance  voruua  elapsed  time  moy  bo  plotted. 


■fa 
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MANEUVUH  AND  AVOinANCK 


].  Miir^PUVi")-  to  Avoid  .in  Appro, \t-h1  tut 

Thlft  fii'c'Hnti  (lorlvcs  .in  f't|u,it  Ion  *"')r  tl.  t oi  mi  n1  nf|  t.hn  Dpcirnl  al.  whlcii  a 

platform  must  maneuver  in  ordnr  to  avoid  an  approochlng  weapon.  Sovorol  ro- 

strlctlvo  aBBumptiona  are  madti  about  the  weapon  and  tho  maneuvering  taigoti 

thU6(  the  derivation  Is  illustrative  and  not  definitive. 

Figure  E-1  illuntraten  tho  geometry  involved  for  this  caso.  Tho  weapon 

and  target  are  heading  directly  toward  each  other.  The  target  chooses  to 

maneuver  when  thd  weapon  lo  a dintnnee*  D„,  from  tho  target.  Tho  diatunca  D„ 

o 0 

depends  on  the  Weapon  charactoristicB,  the  target  charaotoristlos  and  tho  poten- 
tial oBoape  path.  The  escape  path  used  in  this  cane  la  o path  that  is  normal 
to  the  minimum  radiu.s  of  turn  that  the  attacking  weapon  can  make.  Tho  n.lnimum 
radius  turn  that  a weapon  can  make  is  a function  of  tho  weapon  speed  and  weapon 
manauvorability  (i,o.,  number  of  gs  tho  weapon  eon  pull).  In  thin  sootlon  tho 
minimum  turn  radii'i.i  of  the  weapon  is  defined  by  a radiun  R,  ao  follows* 


whore , 


“ weapon  upend 

n " limiting  iiccolc’riit  ion  oi  the  weapon  (number  of  gs> 


g ■ 32  feat/noc!ond' 


In  Uiio  limiting  cauc.'  exami.ile,  the  t.irgot  in  anHumort  to  have  no  mich  retitri ctlon 
and  is  able  to  turn  1 tnitiuil.iiu'ouu I y toward  the  eneape  pnth. 


Clt'om»'t  > y ffir  'l'nr<|fi  i!n.'uvt'r  i ii'i  to  Avoid  ii  Woapon 


Separation 
Distance 
At  Time 
Target 
Nanciivore 


Distance  Tarejot 
Hunt  Travel 

Tftvgot  To  Avoid 


taryi’i.  iiftcr  numouvor 
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To  nvold  Int.oroopt  ion  I Hio  t nnjoL  iiunit;  trav('l  n dJiitunco  X » R boforo 

w 

ttic  w«!,ipon  t-fiivolti  a dlf.iancr  I)^  on  t lir  wonptm'.':  mln'iimim  racHuf)  l.urnlny  path, 

where , 


X - \/l?  + -R 


and, 


D_  ••  aeperation  (Untancc  between  the  taroot  {.nd  tho  woitpon  when 
6 

tho  target  atarta  hl»  maneuver 

■«  weapon  loUuil  offoct  radius 

« V T - RO 
“1 

© « tan  *'(r~) 

T ■ time  for  weapon  to  travel  a distance  D 


R tan  (“g") 


W 


X?  \i  T > V ■*■  ii  , t'hn  target  onti  ojtrape  the  weapon  on  tbr>  tnrgnt'n  rnrnp'i 

1 iV 

path.  The  weapon  lethal  offoct  radlun  from  which  o target  can  OBcapo  by  maneuver 
(under  tho  proviouK  an!iuni|,tionu)  ia  given  by, 

\ V’  ■ 

whom  " target  spoetl 


If  the  target  aetti  intolliyontly,  ho  will  begin  hit)  ovnalve  tnnnouvor  at  tho 
time  most  bonoficial  to  him,  t,i>,  whon  the  roquirod  woupon  lethal  effect  rndiuti, 
R^,  is  maximal.  Putting  o<iuatinn  E-2  in  the  form  whore  only  onnontinl  parometorn 
are  present  wn  have 


+ R 
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Different Intinq  wiUi  rcMipoft.  tn  I)  nml  t'quutin'i  with  zoio,  wo  obtnln 

& 

V’  1 "g 

^ * - o_ 


* “0 


or 


4 2 2 / V 

+ R nf  ' 

8 8 • ’W 


which  yields 


B 


Equation  E-3  gives  the  optiit.um  Beparotion  dlntsrico  for  a turgot  to  tacoin  its 
manUQVer  against  a weapon  whem  the  target  is  able  to  turn  inMtnnt-.anQously  to- 
wards its  osoape  path.  When  the  value  of  d_  given  in  equation  E-3  is  used  in 
w-’,  wo  W/ivp  thf«  mnylnnim  wnnpon  radivin  of  of fcctivenoso  that  con  bo 
avoided  under  the  above  asBumption. 


i\  A COMI’AIUKON  (JP  TWO  SI’raNT-OUI.FT  TACTICS 


Tlilti  i (ut  c:riiii|).irc;i  1 wo  <1  L t f I'j  iniV.  Hj>r i nt  -ilr  i Ft.  (or  f lyj.ticj-tlr.l  f t)  tactlCB 

for  Bearoh.  This  comparison  In  treated  eoparatcly  In  the  appendix#  lincu  the 
focus  1b  on  the  rolativo  marits  of  platform  toctlco  rather  than  opeolflcally  on 
the  utility  of  vohiele  apeod. 

In  each  onset 

V is  the  sprint  (or  flying)  spaed  In  knots 

Tq  1b  the  drift  time  roqulrod  to  comploto  a search  period  In  hours 

Rjj  In  the  datection  range  of  the  sensor  (at  cero  npeed)  in  nautical  milet 

The  first  tactic  is  doscrlbod  In  Soctlon  C of  thin  appendix#  analysed  for 
Bcaroh  offoctivonese  ae  a function  of  vohlclo  speed  and  uoqd  In  Section  V of 
the  basic  report.  In  the  first  taatic#  the  Boaroher  prooeodB  at  sprint  speod 
for  a distanco  H,  , Btops,  drifts,  and  aearchoB  .for  a period  T..  Thin  cycle  is 
repented  nlony  « prtulatormlnod  path  of  utraight  lino  soqmonto.  This  tactic  re- 
BUltB  In  fonaiderablo  ovorlnp  of  uenreh  nro.i,  but  tlturu  oro  no  holes  or  "holldayu" 
left  unswupt. 

From  tho  geometric  doecrlptlon  In  Section  C of  tlie  Appendix#  the  area  sw.pt 
la  approximnloly  given  byj 

A - /3R^VT  P-1 

whore  is  tho  ewoap  wicth 

V is  the  overall  epeed  of  advance  ' 

T 

with  i . i + ^ P_2 

V V 

and  T 1b  the  total  time  of  search.  So  long  an  T la  largo  (l.c.#  several  cycles) 
tho  approximation  la  cloua  to  the  true  aroa  uwopt.  Thu  principal  dlfforcnoo 


r-i 


conointo  of  the  ooml-circjlen  at  tho  end  and  bcigtrininy  of  the  aoarch  and  any  area 
lout  in  cdwinging  Uip  dirocM-.  1 on  of  the*  oonrcti  path. 

I’or  u continuing  neaich  (whoro  'J*  in  large*)  flio  tiwi*(.)i  ralt*  In  tho  tfit-.al  area 

■wopt  in  timo  T.  Slnos  each  aprlnt  (flight)  oovora  n diutanoa  at  a apoed  of 
from  P-1  and  F-2  abovn,  v/o  )iavo  an  overall  search  rate  ofi 


A 

? 


/3«; 
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The  aeoond  tactic  is  to  sprint  to  a new  position  such  that  the  circles  of 
detection  by  the  sensar  during  drift  do  not  overlap.  A vehiclo  conducting  a ran- 
dom Boaroh  of  this  typo  (conotrninod  by  non-overlap)  would  opond  o grantor  time 
sprinting  in  oaoh  cycle  and  would  leave  largo  random  holidays  in  tho  area  to  bo 
•oarehed, 

T)i»  objnetivw  in  to  cuiiipure  Uui  two  tactics  to  dutormine  tho  ratios  of  t'roa 
searched  in  a given  time. 

To  simplify  tho  calculition,  the' non-overlap  tactic  uriod  is  a special  catio 
where  the  floarcher  sprintfi  in  n ntraight  path  n distance  of  2Ujj,  which  roBulla  in 
consecutive  detection  circles  which  nrn  tangent. 

Thus,  tho  timo  of  a single  search  cycle  ioi 


BO  that,  in  n total  time  T,  there  urot 


U’ 


looliti,  and 


the  total  ar.cn  ttnarchccl  ini 


T rU 


2 

D 


2 
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Noto  in  thlu  Bpooial  aaaa,  raqulrod  sprinting  tltno  1b  the  tninlmum  for 

A “random"  soarch  eubjoct  to  the  conetmint.  Thus,  ratio's  of  the  aoaroh  roteit  of 
the  two  taotlcB  are  limiting  oaloulations  favoring  the  random  oaae.  {hn  indloation 
of  the  fiensitlvlty  of  Boarch  irato  to  this  assumption  appears  In  Table  F-1.) 

Prom  equation  F-*4,  the  rioarch  rate  for  the  random  case  isi 


I 


P-5 


dividing  equation  P~3  by  equation  P-8,  wo  obtain  the  ratio  of  the  aoarch 
rate  of  the  tactic  with  overlnp  to  that  of  the  random  taotlei 


V 


P-6 


Figure  F-,1  plctu,  for  various  values  of  sprint  (flying)  spoed,  comblnotlons  of 
driit  time  (Tj^)  and  detection  range  (R^)  at  which  the  ratio  of  saarch  rotso  ia 
unity.  The  ucoompanylng  dlncmiH.ion  shoot  prOvidoo  dotallod  dovolopmont  and  com- 
parison. In  guno*'ul,  f^'r  tho  aor.umod  values  of  the  F'lPOUf'otors,  the  random  t ictlc 
results  in  liltjhar  nnorch  ratne. 
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Fitjuro  F-l 


Catnbj  nal  iMiti  riC  OriCt  'I'imo  (Tj^)  «nd  nc.tc!i;tiori  RanO'- 
YioldiiKj  llijual  rjcaircjh  l^iLcu  lor  Ovovlaj)  atiM  Rc1ik1o;\  ':  ..uc1i  Ttictl.cu 

(Calculatod  for  Various  Bprint  or  Flying  Spaods) 

nrl.ft  Tima  I (hri 


Dotoction  RancjQ  Vlhllo  nrlftlncj,  R, 


Figure  F-1 


rombiiial.ion.'i  of  Drift.  Tim<'  (T^)  anrl  Dofoctlon  Ringe  (Rj^) 

yioJdiiij  :kMri,.)i  Uat.ni;  for  Ov>;r]af)  and  llandojn  Soarch  Tacfi's 

(Celcu.latcd  for  Various  Sprint  or  Flying  Speoda) 


Purpoao 

To  indicate  the  relative  aeareh  rates  between i 

• An  overlapping  eoarch  tactic  along  o path  and 

• A random  aenreh  tactic 

in  sprint-drift  or  flying-drift  search  for  various  values  of  the  pertinent 
parameters. 


Baeis  for  Calculations 

The  figure  is  a plot  of  equal  search  rates  for  the  two  tactics  for  selected 
sprint  (or  flying)  spoeds.  That  1b « from  Equation  P-Ci 


where 

V is  111.’  sprint,  (or  Hying)  speed  In  IcnoLs 
Tj^  is  the  drift  timo  in  hours  required  to  complete  a seareli  period 

(For  npriiiL-drift,  this  includes  time  for  the  towed  array  to  settle 
and  time  lo  .v.c.iich.  I'or  flylng-dirft,  tiinre  i.n  an  additional  drift 
timo  reqtiiirecl  to  stream  the  array  before  searching  and  to  recover  It 
after  the  st?arc;h.) 

Ry  Is  Uk;  dc'i.t?(.tioii  ruiuje  of  the  sensor  (at  zero  spiiod)  in  nautical  milor. : 
and  the  values  of  thi’sc  parnmetors  are  tlie  name  for  either  tactic. 


.. 


The?  figure?  plot!-,  combi n.U  innn  of  .incl  at  which  the  value  of  the  ratio 
of  r.(Mi  eh  ralcr;  ir.  unity  for  t)u'  1 ndl  ciitccl  vaiuoB  of  V.  Ab  indicated,  for  each 
V,  any  combination  of  and  above  and  to  the  left  of  the  lino  is  a cose 

whoto  the  overlap  nearch  rate  is  Igsb  than  that  of  the  random  search  tactic. 

Principal  Points 

1.  Current  technology  indicates  the  following  approximate  combinations  of 
the  pottinemt  parameters i 


y (kto) 

Rjj  (nm) 

Sprint  brlft 

;«o 

0.3 

10-25 

Flying  Drift 

200 

1.5 

10-25 

As  the  figure  indicates,  the  random  search  tactic  produces  higher  aoatc’..  rates 
for  these  combinations, 

2.  Thera  is,  however,  an  artificiality  in  that  the  random  tactic  empJoyod 
is  a limiting  case  wherein  the  sprint  (flying)  distance  (2Rj^)  is  a minimum 
for  a non-ovcirlajji'' rig  random  search.  The  scn.iltivily  of  the  rcnults  to  this 
assumption  was  tcfitod  by  considering  a random  sc?arch  pattern  wherein  Uio  average 
distance  between  search  c?c?nter.‘.)  wan  doubled  to  (still  inu.intaintng  the  con- 
Btraint  of  non-ovorlap) . Comparisons  of  the  actual  ucnrch  rato.s  are  tabulated 
in  Table  F-1. 
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TnbiG  I-’-l 


Tjjna  qi  Fip/i^rrh  Actunl  Rnt.oH  (nm  /hr) 

Rjj  « 10 

Sprint  - Drift 
(V  « BO,  Tp  » 0.3) 


Overlap 

400 

1767 

Random 

Sprint  Distance  = 2Rjj 

570 

. 2123 

•'  •'  n 4R^ 

392 

1415 

glyintt-Drl  f t 

(V  - 200,  Tj^  « 1.5) 


Overlap 

112 

666 

Random 

Sprint  Distance 

“ 2Rp 

196 

1122 

M M 

- 4R. 

185 

1062 

3.  In  sprint-drift,  tho  preferred  tactic  is  sonsitive  to  the  avera^ja  sprint 
distance  required  for  tho  random  search.  In  flyinq-drift , random  is  clearly  pre- 
ferred because  of  tho  higher  speed. 

4,  The  table  IndicntcD  that  for  either  tactic,  sprint-drift  producos  much 
higher  search  rates  than  doeu  flying-drift.  This  is  duo  to  tho  much  higher 
ratio  due  to  the  nsnuinptlon  of  ■>  1.5  hours.  Since  any  gain  in  detection 
range  (R^)  which  may  bo  possible  should  be  equally  available  to  sprint-drift 
vehicles,  competitive  flying-drift  vehicles  would  require  Bom'e  combination  of 
higher  flying  spoedn,  and  nhortcr  drift  times  than  tho  value  aosumed  (Tj^  « 

1.5  hrs. ) . 


5.  Finally,  it  tihoulcl  bo  notofl  tliat  tho  fionrch  rate  criterion  in  not  the 
final  moosurc  for  comiiarlnmi.  If  the  rp'-eifle  nconarJo  doocribing  tlio  search 
area  and  thrcMt  wvr-'  tlevelDjicil,  tho  refipecl  1 ve  nearrh  rntcni  cnnlcl  bo  unod  to 
oomputo  corresponding  probabilities  of  detection. 


G.  SEA  I^ITEH  (SEA  ST’  'TT‘j:,i  AIRCRAFT 

Thin  Boctlnn  of  tho  .■iin'ii'tn.Ux  cU  r:t;ur>tto.j  nofl  Initor  vahicloB  gonorally 
and  comparuH  (for  a gunoral  iniutilon)  force  lovol  rcquiromonta  of  auch  vahicloa 
with  thoao  of  nlr  loiter  alreraft. 

Currently  available  information*  on  aea  loiter  vehicle  concepts  Indioatee 
the  following! 

Bpood  range  - 200-500  knoto 

Orofls  weight  - 500-1000  tons  (C5A  « 350  tons) 

Useful  load  - 60%-70%  (C5A  » 50%-60%) 

(Payload  plus  fuQl) 

The  sea  loiter  concept  implies  a very  xargo  vehicle  capable  of  high  unit 
payloads  and  long  airborne  endurance  Independent  of  the  sea  sitting  oharactorls- 
tic.  Air  loiter  vehicle  oonoopts  have  similar  characteristics/  except  for  the  sea 
sitting  capability. 


Uata  on  (3uc:h  vohlclcB  in  nkotchy  and  spociflc  inlfinionfi  have  not  been 
defined.  In  this  analyein,  wo  tioHume  three  general  motivations  for  the 
son  Bitting  cajjabllityi 

1.  Dramatic  increuHo  in  total  endurance  resulting  from  the  capability 

to  Hit  in  a condition  involving  vory  low  fuel  consvimptlon  for  periods  of 
up  to  Bovciral  dnyu.  iJndnr  certain  conditions,  this  m'ay  result  in 
reduced  force  level  regul remonta  for  a given  posture  (redueod 
Base  Ijodu  Factor) . 


* ANVCE,  Interim  Evaliuitlon  Seminar,  Air  Vohiclua  Sununary,  Peter  3.  Mantle, 
Technical  Director,  ic  March  1976. 
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2.  Short  ronponrio  tlinnri  ami  capability  for  parfonnlntj  mlnnionn  requiring 
high  Hpeoclii. 

3.  Ability  Ifi  u1i.ll/n  Mt'tirior  .-.y.'.l cm;!  not  othcrwl'in  ompi oyuljlt;  by  niroraft. 

t 

Thua»  thn  nea  nlt.tino  concopt  tnakoa  it  pouniblo  to  comV;ine  the  advantagea 
) of  the  onduranco  (thua,  lower  Bt<P)  and  aunsor  capability  of  surface  vahloloa 

i with  the  rapid  rosponso  (and  surge)  capability  of  aircraft. 

I However,  unloou  the  mlSEiion  is  such  an  to  require  both  u surface  vehicle 

capability  and  rapid  response,  a continuing  single  ntntion  miMslon  may  bo 
; squally  fulfilled  by  a surface)  (or  near  surface)  vehicle  in  one  case  or  an 

air  loiter  vehicle  in  the  other. 

Consider  a mlsnion  which  requires  one  vehicle  continuously  on  a single 
station.  The  mission  is  further  specif icd  in  that,  on  activation  by  a dotoction 
or  on  direction  from  base,  there  in  a requirement  for  an  aircraft  to  fly 
continuously  on  station  tor  an  unspecified,  but  long,  porjod  ot  time. 

In  this  caao,  throughout  any  active  period,  there  is  no  sea  sitting 
and  the  ready  force  rciquirc'd  to  nuppovt  the  minnion  in  idnntlcal  to  that  of 
a comparable  .'dr  loiter  vehicle  force.  There  In  no  appreciable  difference 
in  the  BLt* during  thin  period.  Thn  recpilrod  force  lovol  of  ready  aircraft 

i 

I would  bo  the  name.  Thuu,  the  only  difference  in  total  inventory  requiromonts 

; . would  bo  that  renull  ltig  from  1 he  reduced  flying  liours  of  ready  fjoa  loiter 

aircraft'  during  tlia  non-actlvo  poriodti. 

I ' 

\ There  nro,  however,  potential  missions  whore  the  forco  lovol  roqulremcintB 

Cor  Hoa  sitting  aircraft  could  bo  much  nmnllor.  Thnuo  octjur  when  thei'c  is 
a requirement  for  continuously  occupying  several  iiuch  statiomi  simultanoounly 

♦DoCinad  as  In  auction  A of  the  Appcmdlx  in  tennn  of  ready  n/c  only,  that  in 
a/c  on  station  plus  a/c  in  transit. 
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(such  an  In  a long  barrier  lino).  If  tharo  1b  a hlcjh  confldenee  thab  only  a 

fow  of  many  ntntloiiH  mlcjhL  ulinultanoouiil y bo  active,  the  noa  sitting  force 

level  cat*  be  tnllnti'd  accortUitgly . Tlir  air  loiter  force  cannot. 

This  can  bo  .11  lUHtrutocl  by  o alinple  example.  Parumotera  era  ao  followsi 

n nunlbur  of  statlonB  which  muat  be  simultaneously  occupied 

“ maximum  expected  number  of  simultaneously  active  stations 

Tg  ■ total  onduranco  time  of  an  aircraft  (hr) 

• two  way  transit  time  (hr) 

■ misaion  timo,  flying  on  station  (hr) 

Vg  ■ soa  sitting  endurance  time  (fuel  consumption  assumed  to  be  sero) 

Tg  “ ^st  loitar  aircraft 

• + T_  for  sea  loiter  aircraft 

Tr  ' St  S 

Thus,  as  in  Equation  A-4,  the  required  ready  inventory  of  air  loiter 
elrcraft  isi 


For  the  Hcn  loiter  aircraft,  the  rcqulromont  roducoa  toi 


\r  ’’st  ' 

1 + i"-".) . 

1 + T„  \ 

Tt  S 

T-.  1 

T 

St  1 

1 S 

Wliencivor  n ie  much  larger  than  n and 

A 

T is  much  larger  than  T 

O O w 


the  force  level  roqulromont  for  sea  slttors  is  much  amallor. 


riguro  G-1  l.lluf;V.r.’itcs  Cor  n r.lmplc  fjxnrnpJo  whoro : 


T_,  “=  10  hrs 

Tr 

■ 10  hrs 

T_  - 100  hrs 
s 
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Fi^iuro  G-1 


Uxamplo  of  Potontlal  Rti'-luctioiiB  in 
Forco  L«vq1  Roquiromiints  Reaultino  From 
Son  XiOltor  CapAbllity 

Numbar  ot  Raady  n/c  Raquirod 


Fiyuro  G-1 


Kxdmplo  or  Pnt.t'iitinl  Hf'ducl  Innn  in  rorce  ].ovnl  Uoqu I romont.H  RoHulUinq 
Irom  £j<:a  Joitor  C'lipiibl  ] i ( y 

Purpooei 


To  ilXuBtrflto  the  potential  advantage  of  aea  loiter  aircraft  with  long 
■oa  Bitting  capability. 


BaaiB  of  CftlculationB t 

It  1b  aasumed  that  the  maximum  number  of  alert  stationn  (n^)  ia  knovm 
with  high  confidenro  and  that  fuel  conaumption  while  oen  Hitting  in  eSBontially 

eoro. 


Lot  n •“  number  of  stations 

■ maximum  number  of  activated  stations 
Tjj  “ total  onduranco  timo  ot  an  aircratt  (hr) 

BO  that 

'^Tr  * loilcr  a/c,  and 

^Tr  + loiti-r  (whore  fuel  conrarnipLicm  whilo 

sitting  “ -■') 

Thub,  the  number  of  ready  aircraft  required  for  tilr  U>lter  in 


n 


f 


and  for  nea  loiter  ie 


(I.  IT 

V+  ^ t 

Tet 


•t  (n 


Tr 


T. 


Principal  Points! 

1.  As  (n  - n^)  ^Qts  larger,  thu  dlEforonco  in  force  levul  roqulromonts 


tjotB  larcic'r.  Tlio  lllil'  lo}:  ait*  loll  or  romiilnn  ooruitnnt;  for  boo  loiter 
the  H!J'  rodiicoo  no  (n  " t\^)  InoroaHO!!. 

2,  To  thi'  I'Xlrnl  lhal  non  li)ltorin<|  c;on::iimo!;  fnol  , thciFic  dlffon^ncori  will  bo 

docroaBod.  If  tho  minHlon  cnllB  for  continuous  air  operation  commonclng 

« 

at  activation t each  octlvni  ad  nan  aittcr  muiit  taku  off  with  enough  fuol 
to  fly  on  station  until  hla  relief  arrivesi  plus  enough  fuel  to  return 
to  base  - that  io,  enoiKili  fuel  for  a two-wny  tronnit  if  his  relief  inuat 
come  from  the  batio  (Ions,  if  nearby  statloriH  can  bo  temporarily  vacated)  • 

In  this  ca(:a«  nca  sitting  time  must  be  roducod  such  that  fuol  remaining 
can  always  meet  tho  on  station  flying  requlromont  and  the  transit  bac)t 
to  base. 
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